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Sir. 



Appellants submit this RevisedReply Brief in connection with the above-referenced pat- 
ent application which is on appeal to the Board of Patent Appeals and Interferences and in re- 
sponse to certain points v^h^ by the Examiner in his Answer maUed October 24. 2005. T^ie 
Reply Brief is revised to tate into account the Remand to tlie Examiner by the Board on January 
31, 2007 and the Examiner's subsequent Office communication to Appellants mailed on Febru- 
arj 27. 2007. .i.ppellants note that no time period was given in the Office communication for 
submitting the Revised Reply Brief. Essentially, in this Revised Reply Brief, an attached figure 
discussed in th* previous Rsply Brief is deleted. The attached figure and the lack of a set time 
period were discussed by the Appellants' representative with the Examiner on March 14, 2006, 
and this Revised Reply Brief is considered to be consistent with that discussion and to be timely 



filed. 



PAGE 2/12 * RCVD AT 312012007 3:25:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-S/8 * DNIS:2738300 ' CSiD:520 399 321 9 ' DURATION (inin-ss):02-52 



P3/20/2007 13:12 FAI 52_0_399 3219 DAVID W. COLLINS li) 



Serial No. 10/029,583 



1 . Resjionse to the argument that a semiconductor 
rfftvics ii ! equivalent to a mo lecular electronic device: 
On page 13. first panigraph. of the Examiner's Answer, the Examiner states tkit "the 
prior art of reconj teach production of semiconductor devices which act to form electronic de- 
vices with molecular structure s". 

Appellant r«spectfiilly (lisagree for the following reasons: 

A semiconductor device is one in which the properties of the semiconductor material 
produces the behavior of the device. The semiconductor forms the active part of the device and 
is not simply a p iece of comi.=cied material. (This is tov^ any argument that tries to malce Ap- 
pellants' molecular device into a semiconductor device by virtue of the feet that a connecting 
conductor may l:e doped polysil.oon, or a supporting mechanical substrate may be silicon, etc.) 
A single molecxile of silicon does not have the properties of a semiconductor. (Therefore, one 
could use a sinjile molecule of silicon if one could figure out how to mate it work with some 
end group, but i" would be a inolecular device and not a seraicoaductor device.) 

A semiconductor is not defined until there aie enough atoms to have eiiergy bands (typi- 
cally, a valence band and a conduction band). A semiconductor is material with energ;.' bands, 
each'containing a range of flowed states separated by a small energy interval (much l^s than 
the energy corresponding to the ambient temperature in terms of kT, where k is the Boltzmami 
constant and T Is the temperature in degiees Kelvin). Because the energy interval ftom one al- 
lowed state to the next within the allowed band is small (with respect to the energy of tl.e ambi- 
ent), the eleclxoti can access a nearby state and move to a differ^t position by moving between 
energetically a.:cessible slates. In a semiconductor, a moderately large (with respect to kT) en- 
ergy gap (typioslly a few tenths of an elechtHi volt to several electron vohs) separates allowed 
bands. At zero Kelvin temr^ratuw, all states in a lower band (valence band) are fiUed. and al) 
states in an upi;«r band (co.Kiuction band) are empty. At finite temperamre, some eleccrons are 
tbemially excil»«l from the valence band to the conduction band, providing caixiers for conduc 
tion; Ae empty states in the valence band (holes) also provide carriers for conduction. 

The en tire theory of semiconductor physics and electronics is based on the presence of a 
large enough n. jmber of atoms such that the energy levels within an allowed <'band" of energies 
is much smaller than the en.5isy corresponding to the ambient temperature. 

In contrast, the theory of molecular electronics is based on the properties of a single 
molecule in isolation from like molecules. 
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A molecvilar device depends on properties of individual molecules, which have discrete 
energy levels separated by energies much greater than the energy corresponding to the at.Jbient 
temperutiffe. Jh. electrons or, tl.e energy levels within the molecule cannot readily move to ad- 
jaccnt states and Ihus cannot move through the material classically. 

Summari:dng. a semiconductor device does not operate at the molecular level, with mo- 
lecular structures, and the two mechamsms of operation are completely different. 

2. Response to the argument that a capacftive device is 
pgnivalent to afinnpl hfxrn^T dev >^ that all harriers are ^qyifil: 
On page 13, second polygraph, of the Examiner's Ans^ve^. the Examiner states that "as 
Appellant admh. Jun et al. at least imply barriers. Appellant forther points out that there would 
be a finite probal^ility of tunneling. This finite probabUity suggests a tunnel barrier layer." 
Appellaj'its respectfully disagree for the foUowing reasons: 

A capacitor and a tuimel barrier are indeed similar physical stt^ictures. as both consist of 
a conduct6r/ins...lator/conductor configuration. However, they differ in one critical criteria - the 
thickness of the insulator, which relates di^ctly to the rate of electrical current flow across the 

insulator. 

A capacitor is a conductor/insulator/conductor structure that is deliberately oor.structed 
to eliminate electrical cunetit flow across the insulator. In practice, this is achieved by constnict- 
ing insulating films that are relatively thick (typically > 50 nanometers (nm)) compared to the de 
Brogue wavelength of an electron (-0.5 mn in most metals) and the evanescent decay length of 
an electron quantum mechanically tunneling into a barrier region nm for a 1 electron Volt 
(eV) barrier). 

In contrast, a tunnel barrier Is known to those skilled in the art as a conduc- 
tor/insulator/conductor structure that is deliberately constructed to allow small electrical currents 
to flow via quantum mechanical tunneling, across the insulator. In practice, this is achieved by 
constructing insulating films that are relatively thin (typically 1 mn - 5 mn total thickness) when 
compared to the relevant elect«>n wavelength (-^.5 nm) and evanescent decay length ( -0.2 nm) 
mentioned abciN/c. 

Thus, the critical distinction between a capacitor and a tunnel barrier must be made by 
inspecting the thickness of the insulating layer, and the corresponding quantum mechar^ical elec- 
tron tunnel rate. Insulatbg barriers less than ^5 nm may be considered tunnel barriers, [nsuladng 
barriers greater than -10 nm may be considered capacitors. In practice, capacitor bankers are 
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conventionally made much thicker due to consdaints of pinhole-fi^ febrication and non^ 
quantum mechanical, thennally activated electron transport. 

Jun et al. are referring to a capacitor that functions as a capacitor, and teaches away from 

charge transmiss ion. 

In contrast to a capacitor, Appellants are referring to a tunnel barrier device, whci^sin the 
device operation depends on the transmission of charge through the barrier by quantum me- 
chanical tunnelirig. 

3. Conclusion : 

The forc:going points; are presented to rebut certain aspects of the Examiner's Reply. Ap- 
pellants continu,5 to maintain the patentability of their claimed invention. In view of the foreg<y 
ing and the arguments presemcd in the Appeal Brief. Appellants respectfiilly request reversal of 
the rejections and passing of the appUcation to issuance. 



March 2007 



Respectfully submitted, 
THEODORE I. KAMINS BT AL. 

David W. Collins 
Attorney for Appellants 
Registration No. 26,857 
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1. Resiionseto the argument that a semiconductor 
i.» Pnuival>>"t t■^ a mnleculaf Hectronio devicet 
on page 13. first pa..graph. of the Exammer>s Answer, the Examiner states that 'Ue 
prior an. Of record teach production of semiconductor devices which act to form electron, de- 
vices with molecular structurcis". 

Appellar,ia respectfully disagree for the following reasons: 

A semiconductor device is one in which the properties of the semiconductor n^tenal 
p^duces the behavior of the device. The semiconductor forms the active part of the device and 
is not simply a piece of connoted material. (This is toward any argument that tries to make Ap- 
pellants' molecular device i..to a semiconductor device by virtue of the f.ct that a connectmg 
conductor may be doped polysilicon, or a supporting mechanical substrate may be silicon, etc.) 
A single molecule of silicon does not have the properties of a semiconductor. (Therefi.re. one 
could use a sin,sle molecule of silicon if one could figure out how to make it work wi^h some 
end group, but i : would be a molecular device and not a semiconductor device.) 

A semiconductor is .or defined until there arc enough atoms to have energy bands (typ.- 
cally a valence band and a conduction band). A semiconductor is maierial with energy bands, 
each'containin. a range of allowed states separated by a small energy interval (much l.=ss than 
the energy cor;.sponding to tl.e ambient temperature in terms of kT. where k is the Boltzmann 
constant and T is the temperature in degrees Kelvin). Becau^ the energy ini^rval fh>n. bne al- 
lowed state to the next ^thin the allowed band is small (wilh respect to the energy of the ambi- 
ent), the electr^^n can acces. a nearby state and move to a di^rent position by moving bebveen 
energetically accessible scaxes. In a semiconductor, a moderately brge (with ..spect to m en- 
ergy gap (typi:^ly a few tenths of an electron volt to ^eral electron volts) separates allowed 
bl It L Kelvin temperature. ^1 s^s in a lower band (valence band) are fdle^ and all 
states in an upper band (conduction band) are empty. At finite temperature, some ele<™ 
thermally exci ted from the valence band to the conduction band, providing carriers for conduce 

tion; the empts' states in ±. valence band (holes) also provide earners for conduction. 

The entire theory of semiconductor physics and elecnonics is based on the pr..ence of a 

large enough number ofatoms such that the energy levels wi*in an allowed ofenerg.es 
ismuchsmallerthantheenergycon^spondingtotheambienttemperature. 

In contrast, ihe tb.ory of molecular electronics is based on Ihe properties ot a smgle 
molecule in iiiolation from like molecules. 
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A motol™ device d.^«Kb on properties of individu^ mol=«J«, «l,ich have d,scr«e 
^ by e^rgie. much greater >ha„ ^ energy correspondins » *e arnbrent 

„„^, elecro.,. o„ .he energy levels wi4i„ d,e mol^^Je c««o, readily naovo K> ad- 
iKeiitslal«aiidfliuscannotraovei!irougbd.emalerialclassically. 

Su^arl^fc a s.mi.»ndu=.or device ^ no, operate a. *e moleeuta toel. v«h ,,0. 
le^lar sm«t«», «Ki the t»o m.chanisn« of operalion are coiriplelely diffcreo.. 

2. Response to the argument that a capacWve device is 

— . ^,.n.i Mrri er -"ri 'l- •>^< 

0„ pagi 13, second oamgraph, of .he Examiner's A.«wer, *e E«n.lner s«Bs *a. 
Appellant adrni. luncal. a. lea^ taplyharrics. Appe« points on. *e« «».^ would 
be a finite probability of Wnneiing. TbU finite probability suggests a tnnn.1 i^tr layer, 

Appellaiitsrespectflillydisasreeforti.efoUowingreasons: 

A capatJlor and a «.»el barHe, are indeed shnilar physicd *»*«s, as both consut of 
a .o„dnc.or/insulator/condu.:.or conSguradon. However, they differ in one cHtteal cr,t„„ - *e 
thickness ott>« insulator, which reU^sd^yto the r«e of electrical current flow across the 

capacitor is a conduc.or.,.u.^r/oonauc.or snuc^uetha. is dellb^ately constructed 
„e,hn^ce,ectHcalcur,e..Oowacrossthei„sula.or..npr.c«ce.*isisachi^byc^ 

i„g,.„lating,i^stha.„e..a..v.lyd,.c.topi<.l.y>50„a„ome«s(nm))co.^ 
Brlglie wavel.ng.h of an eleCon H.5 nm in mos, metals, and fte evanescen. dec y ^6* 
. 'econ ,u™n™ mech,..ca,ly tunnelmg in» . .-rrlerregion (-^2 nm Or a 1 e1««n Vol. 

''^Tl^. a tunnel barHer U ^ <o ^ - ^ ^ ^^^^ 

tor/insula^/conductor stacmre that is daliberalely cons«»cted to allow small el«ncd c„™n« 
"tw via ,>,an.um mech^cal «au»lin^ across *e h»d«or. In p»ctice, tins , .ch,e«d W 
lt;«ngL,atingB...ata,e..«ve.y.ln(typic..ylnm^5nm»ta..^^^^ 
compared to t,e,eleva„t dec™. v^le»g.hH,5 tan) and e^nescen. decay l=.g.h.H>^nm) 

■""C:: cHtical dis^ndon ^ e capac^or and a b-ne, barHer mast b. n»de 1. 
inspecting th,- ddctaess of the insulaflng layer, and fte conesponding ,u«,n.m mechamcal e ec 
™,..:.h.u.a..gbaMe,sl.ss.h.n-S„mmayb.co.»ide«dh»e.b«^^^^ 
barriers gr^,er d,an -10 mn may be e»«lde..d capacitors. In practtee, capac«or barr»rs are 
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conventionally made much ihicker due to const^tats of plnhole-fl^. febrication and non- 
quantum mechanical, thennally activated electron transport 

al. .are referring to a capacitor that functions as a capacitor, and teaches away from 



Junet 



charge transmission. . 

In contia^. «> a capacitor. Appellants are referring to a tunnel barrier device. >vheT^.n the 
device operation depends on the transmission of charge through the barrier by quantum 

chanical tunneling. 

^. rnnclusion : 

The fore;n>ing points are pi^seirted to rebut certain aspects of the Examiner's Re|My. Ap- 
pellants continue to maintain the patentability of their claimed invention. In view of the .or^go- 
ing and the argt^ments presorted in the Appeal Brief, AppeUan^ i^tfuUy request reversal of 
the rejections and passing of the application to issuance. 

Respectfully submitted, 
THEODORE I. KAMINS ET AL- 

MaichillOO? David W.CoUlni . 

Attorney for Appellants 
Registration No. 26,857 



IP Administration 
Legal Departtrisnt 
M/S35 

Hewlett-Packa::d Company 

m BOX272A00, Fort Collins, CO S0527-2400. 

Telephone calls may be made to: 
520/399-3203 (voice) 
520/399-3219 (facsimile) 



PAGE 9/12'RCVDAT3l20/20073:25:20PM [Eastern DayligM 



03/20/2007 13:13 FAI 520 309 3219 



DAVID ff. COLLINS 



RECEIVED 

CENTRAL RAX CENTER 

MAR 2 0 2007 



@010 



PA'I'ENT 
PD-10018774-1 



m Tl IE TJI^I» STATES PATEOT AM) IIUDEMA^ 
BEFOWt: THE BOARD OF PATENT APPEALS AND INTEBFERENCES 



Confirmation No.: 4949 



In re Application of: 

THEODORE I. KAWINS ET AL. 
SerialNo.: l0/0:!9,583 

Filed: December 20, 2001 
For: METHODOFFOKMINGONEORMORENANOPORESFOR 

ALIGNrSIG MOLECULES FOR MOLECULAR ELECTRONICS 



Group Art Unit: 1753 
Examiner: R. G. McDonald 



Mail Stop Appeal Brief - Patants 

Commissioner Ibr Patents 

P.O. Box 1450 
Alexandria, VA 22313-1450 



REVK ED REPLY BRIEF UNDER 37 C.F.R. 41.41 



Sir: 



Appell^iits submit tiiis Revised Reply Brief in connection ^vith the above-refaeuced pat- 
ent appUcatio. which is on appeal to Board of Patent Appeal, and ^^^^^ '"^^ 
sponse to points ra^d by the Examiner in his Answer mailed October 24, .0 5. The 

llyBriefis^visedtot^ce into account theRemand to the Examiner by the BoanlonJ^^^ 

31 2007 and the Examiner's subsequent Office communication to Appellants mailed on Febru. 
ari 27 2007. Appellants note that no time period wa3 given in the Office communication for 
rbminingtheRevised Reply Brief. Essentially.inti.isRevlsed Reply B.e^^ 
discussed in the previous Reply Brief is deleted. Tl>e attached f.^ and tite lack o . set Ume 
period were discussed by the Appellants' r«pre^tative whh the Examiner on March 14. 2006, 
and this Revised Reply Brief is conside^d to be consistent with that discussion and to be t.mely 
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1 , Response to the argument that a semiconductor 
device is equivalent to a mo lecular electronic device: 
On page first paragraph, of the Examiner's Answer, the Examiner states that '^e 
prior art of record teach production of semiconductor devices which act to form electronic de- 
vices with molec ular structures". 

Appellants respectfully disagree for the following reasons: 

A semiconductor device is one in M the properties of the semiconductor material 
produces the behavior of the device. The semiconductor fonns fee active part of the device and 
is not simply a piece of connected material. (Hiis is toward any argument that tries to malce Ap- 
pellants' molecvlar device imo a semiconductor device by virtue of the fact that a connecting 
conductor may be doped polysilicon. or a supporting mechanical substrate may be silicon, etc.) 
A single molecade of silicon does not have the properties of a semiconductor. (Therefore, one 
could use a sin;;:le molecule of silicon if one could figure out how to make it work with some 
end group, but ii. would be a molecular device and not a semiconductor device.) 

A semiconductor is not defined until there ate enough atoms to have energy bands (typi- 
caUy a valence band and a conduction band). A semiconductor is material with energy bands, 
each'containin, a ^nge of allowed states separated by a small energy interval (much less than 
the energy corresponding to ihe ambient tempemture in terms of kT, where k is the Boltzmann 
constant and T is the temp€.ratu,« in degrees Kelvin). Because the energy interval from one al- 
lowed state to rh. next witiiin the allowed band is small (with respect to the energy of t!.e ambi- 
ent), the electron can acces.-; a nearby stat« and move t. a different position by moving behveen 
enerc^etically accessible sta.:es. In a semiconductor, a moderately large (with respect to lO) en- 
ergy gap (typically a few t,.nths of an electron volt to several electron volts) separate, allowed 
b^ds. At zero Kelvin tem,^.-ature. all states in a lower band (valence band) are f.lle<l. and all 
states in an upoer band (conduction band) are empty. At finite temperature, some elect«,ns are 
thermally excited ftom the valence band to the conduction band, providing earners for conduc- 
tion- the cmpt, states in the valence band (holes) also provide carriers for conduction. 

The entire theory of semiconductor physics and electronics is based on die pre.s..nce of a 
large enough number of a..ms such that the energy levels within an allowed "band" of ene.^.es 
is much smalkiT than the energy corresponding to the ambient temperature. 

In conta^ the theory of molecular elect^nics is based on the properties of a smgle 
molecule in isolation from like molecules. 
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A motecla, device Spends cn properties of Individual molecules. »l«cl. l«ve d>»«e 
energy levels sep«»d by energies mucl, grea«r A» *e enersy corresponding » ^ »nb,en, 
«„per«u,e. The elec«>ns or, the energy levels wi*in *. .«.l«.le -no. readrly n»ve B ad- 
iacent stares and Uius cannot move diroushthe m«erial dassieally. 

Sommarizing. a se,ni,»ndu=<or device «« =pe«e at dte tnolecula, level. «,th mo- 
teeular smroures. and the two meelwlsms of operation are cotnplelely different. 

2. Response to Hie argutnent that a capadtive device is 

■ T,i^l,nt to , Mnn .l h.Ti" Hevice Qpl r" IfBr"' 
on pa^:: 13, second paragraph, of the BomUner-s Answer, the B»«nlner «es Ibat "as 
. Appellantad,ni,sJonetal.«leas,.mp.yharrte,.Appe.U„.«...herpoU»sou.thatthe.»»o^ 

be a finite pnAability of tunneling, m anhe probablUflr suggests a tunnel bamer layer. 
AppelteitsiespeotfiillydisagreefcrlbefcllowinBieasons: 

A capacitor and a nrnnel bathe, are indeed sin,il«r physicd strucutres. as both consist of 
a conductor/insaUt^/conductc c«iignr«io». Hov^ver. they dlflbr in one critical cr,t.,a - ^ 
^Ccness of the in.ia«>r, which ,ela«s direcdy «. the t«= of CectHca. current fio« ».oss Ihe 

'""'"a capacitor is a conductor/ins.lato.'condaen^ s^ro that is deliberately constructed 
,oe.unU,ateel»uic,lcu.rentfiov.ac,oss.b«in«l.».Inpra-i«,.hisisachieveaby«ns^^^^^ 

"gtlting tilnrs ^ are reU^vely ,« (Wi««y > 50 na™>n,e.e. (nn„> contpared to ^de 
::^ie ^avLngd, of an elec^n (-0.5 ntn in tnos. met-s) and *e evanescent ^y ^g* o 
an ^eonon ntechaoically nutnding int. > b-Her region fcr a 1 e.e.«o„ Volt 

''"'Tl™.. a ^ is to ^ose sailed . the art as > »n*i. 

„.i„sula«>r/cond„o.orst™c,ure.hatlsdeUb.rate.,c<^.o allow 
to flo«. via ,«nu»n mechanical bttmeling, across the insulator. In pracoce, this ,s amoved by 
IILL nsnlad.. «ns that are relatively thin (typically • nn, - 5 ™n 

: ^ .levant elec«- wa^lengd. (-^^ "«) ^ evanescent decay leng* n™) 

""^trtH'orldcal .st^etion be.,«n a capaCtor ™d a ntnnel barHer must be „»ie by 
insoeetin. the thickness of the insulating laye,. «.d the conesponding cuantum n,ech™,cal etec 
3^,1. h,suMi,..b..rlers,css,tan-5 nn. .ay be considered ntnne, barriers. InsuUt^ 
ZiTgrea^r than -10 nn. n.y be consider»i capacitor. In praCce, capacnor bamers «e 
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